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Engi neeri ng and Desi gn
SYSTEMS COVM SSI ONI NG PROCEDURES

1. Pur pose. This regul ation provides policy and gui dance for
devel opi ng systens conm ssioning procedures and executing systens
conmi ssi oni ng acceptance testing to verify that the construction
requi renents are nmet and ensure that systens operate as indicated
in the plans and specifications, especially regarding sequences
of operation.

2. Applicability. This regulation applies to all HQUSACE/ OCE
el emrents, mmj or subordi nate commands, districts, and field
operating activities (FOA) having mlitary and/ or support for
ot hers design and construction responsibilities.

3. Ref er ences.

a. ANSI/ASHRAE GUI DELI NE 1-1989, Guideline for
Comm ssi oni ng of HVAC Systens.

b. AR 415-15, Mlitary Construction Arny Program
Devel opnent .

c. ER5-7-1 (FR), Project Managenent

d. ER 25-345-1, Systens Operation and Mintenance
Docunent ati on.

e. ER 415-1-10, Contractor Subm ttal Procedures

f. ER 415-1-11, Biddability, Constructibility, Operability,
and Envi ronnment al Revi ew.

4, Background. Designers nust effectively convey the design*s

i ntended operation into the plans and specifications. Systens
comm ssioning performed to verify the design intent, as expressed
in the plans and specifications, is a necessary elenent for true
beneficial use of any project. Several forns of testing,
operation and denonstration are contained in the various
techni cal sections of construction contract docunents. These
requi renents evol ve from gui de specifications and nati onal
standards. Typically, operational testing is limted to

i ndi vi dual equi pnent and/or small subsystens specified within the
specific technical section. There is a lack of a concentrated
requirenent for large, interdisciplinary systens testing,
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operation and denonstration. Testing of systemelenents and

i nteractions, beyond the individual technical sections, is often
needed. Such a concentrated requirenment to verify that systens
operate as indicated in the plans and specifications, especially
regardi ng sequences of operation is a significant contributor to
custoner satisfaction with the entire design and construction
process. Qperation and mai nt enance functions are enhanced when
all of the responsible parties are cognizant of contract
conpliance, construction quality, and performance and operati onal
paraneters of the systens. The inportance for a disciplined
approach to systens conm ssioning is intensified as the cost,
conpl exity, uni queness, and magni tude of the project, systemor
process involved increases. The need is further intensified by
the interdisciplinary interactions of the various systens
conprising the entire project. The concept and practice of
systens conm ssi oning has | ong been recogni zed in the acceptance
of industrial processes, nuclear technol ogy, aviation technol ogy,
and simlarly conplex projects. The heating, ventilating, and
air conditioning (HV/AC) industry has recogni zed a need to

formul ate procedures for functional performance testing and
docunent ati on of HVAC systens. ANSI/ASHRAE GUI DELI NE 1- 1989,

Gui del i ne for Comm ssioning of H/AC Systens provi des procedures
and net hods for verifying and docunenting the actual performance
of HVAC systens and evaluating their conformty with the design
i ntent.

5. Gui dance.

a. The need for systens comm ssioning, beyond nornma
construction contract requirenments, nust be established early in
t he pl anni ng/ desi gn process. The determ nation shall be made on
a project specific basis. Early establishnment of the need wll
al l ow the necessary pl anning and desi gn resources to be
identified and programmed. Systens comm ssioning represents a
servi ce which can be provided on projects. The service naxim zes
the opportunity for successful O&M The value of the service to
the using agency is proportional to the user*s participation.
The using agency*s participation is presented herein so that
appropriate Corps elenents can fully understand when and how t he
user is to participate to maxim ze the value of the comm ssioning
process. Wen systens conm ssioning is being executed, the using
agency is to be notified, encouraged, and expected to
partici pate. Occasions may arise when the using agency will not
be avail able to participate. In these instances, the process of
comm ssi oni ng shoul d conti nue w thout causing delays to contract
performance. As a mininmum the using agency, design agent and
construction agent will all actively participate in identifying
and devel opi ng system conmi ssioning requirenents. Optimally, the
need for systens conmm ssioning shall be identified in the
proj ect*s scope of work (SON. In the event that systens
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conmmi ssioning requirenents materialize less than optimally, the
procedures established in AR 415-15 shall be followed to properly
identify and programthe necessary planning and design resources
and construction funding requirenents.

(1) The using agency or other associ ated organi zati onal
el enents (e.g., Installation, DEH, MACON, etc.) shall identify
and substantiate any need for systens conm ssioning and the
associ ated construction cost on the DD Form 1391, Mlitary
Construction Project Data, during project devel opnent. In the
case of work for others, a Menorandum of Understandi ng (MJU) or
the particular sow governing the work shall describe the concept
of systens conm ssi oni ng.

(2) The design agent or other associ ated organi zati onal
el ement (e.g., HQUSACE, MSC) may identify, validate, and
substantiate any need for systens comm ssioning and the
associ ated construction cost during the review stage of the
proj ect devel opnent process, including review of DD Form 1391.
This identification shall also occur where the design agent
devel ops the 1391 as a support service to the using agency. In
the case of work for others, the design agent shall ensure that
the MOU or SOWNrequires that systens commr ssioning be identified
on a project specific basis, and for the design agent to
recommend systens conm ssioning during devel opnment of the design
SOW

(3) The construction agent or associ ated organi zati onal
el ement (e.g., HQUSACE, MSC) may identify and substantiate any
need for systens conm ssioning during participation in the design
process as described in ER 415-1-11.

(4) In the event a need for systens commissioning is
identified by el enments outside the using agency, its application
and any cost or schedule inplications nust be coordi nated and
approved by the using agency.

b. Systens comm ssioning represents testing, operation and
denonstration efforts to verify the intended design as reflected
in the contract docunents has been achieved in the installed
construction. Systens conmm ssioning extends beyond the testing,
operation and denonstration associated wth individual technical
contract requirenents typically identified in individual
specification sections. Systens conm Sssioning requirenments as
described herein are not appropriate for all projects or systens.
Projects or systenms exhibiting at |least two of the foll ow ng
characteristics shall be considered as prinme candi dates for
systens conm ssioni ng as descri bed herein:

(1) Process oriented —The project or systeminvolves a



ER 1110-345-723
31 Jul 95

continuous operation or treatment beginning with an expected
input or load condition and resulting in an established
conti nuous out put or condition.

(2) Large - The expected construction value of the project
or system exceeds $10 Mif new construction is proposed, or $5 M
if renovation, rehabilitation, or alteration is proposed. In
applying this characteristic, the extent to which simlar, but
smal |l er portions are essentially repeated, shall be consi dered.

(3) Conplex —The project or systemis expected to consi st
of intricately conbined and interactive portions, the whole of
which has difficult to understand, analyze, or evaluate
per formance characteristics.

(4) Unique —The project or systeminvol ves technol ogy or
speci fic equi pnent which is one of a kind and, excl uding
prototypes and pil ot operations, not nore than one ot her
beneficially proven exanpl e exi sts.

(5) Significant consequential magnitude - The project or
systemis critical to life safety, the m ssion of the
installation, or environmental quality. Failure of the project
or systemto function as designed will result in a profound
degradation of these critical features.

(6) Requires systens operation and mai nt enance
docunentation - The project or system has been identified as
described in ER 25-345-1 and requires systens operation and
mai nt enance docunentation, shared as a two-step operation by the
desi gner and the construction contractor. Systens comm Ssioning
is a natural corollary to systens operation and mai nt enance
docunentation. It should be rare that the need for either would
exi st wi thout the other.

6. Action to be taken. Wenever the need for systens

commi ssioning is identified and the appropriate resources

aut hori zed, the using agency, design agent, and construction
agent shall all actively participate as a teamduring the design
and construction process as outlined below The particul ar
resources, processes, and responsibilities shall be docunented in
the Project Managenent Plan (PMP) that is specifically devel oped
for that project. Mnimumrequirenments of a PMP are described in
ER 5-7-1 (FR). It is expected that the using agency wll fund
the participation of its own personnel in the conmm ssioning
activities. For Corps of Engineers costs associated with

comm ssioning, funding shall be in accordance with the activities
performed. For design activities occurring prior to award of the
construction contract, appropriate Planning and Design (P&D)
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funds shall be utilized. For activities occurring after
construction contract award, design agent conm ssioning
activities shall be related to extension of design and w ||

t herefore be funded by Engi neering During Construction (EDC)
resources. Construction agent activities shall be funded with
Supervi sion and Adm ni stration (S&A) resources. Design agent
qual ity assurance support shall be available to and under the
control of the construction agent. QA support woul d be S&A
funded. Construction contractor activities associated with
executing the conm ssioning process during construction nust be
i ncluded as contract requirenents and therefore would be funded
Wi th project construction funds.

a. The district, inits capacity as design agent, shal
ensure that the design SONrequires the design services necessary
to devel op a contract specification section(s) using the
gui delines in Appendix A and, as outlined in Appendi x B. The
district shall ensure that systens conm ssioning requirenments
included in the construction contract will result in verification
of the design intent, as expressed in the plans and
specifications with the installed construction. The designer
wi || docunent the design intent for all systenms requiring
conmi ssioning as part of the comm ssioning requirenents of the
contract. Districts shall ensure appropriate participation by
the designer after award and during execution of the systens
conmi ssioning requirenents. District Quality Managenent Prograns
shal | docunent the assurance procedures to be used to verify
conpliance with these requirenents. The district shall secure
docunentation indicating the satisfaction of the using agency and
construction agent with the systens conm ssioning requirenents
devel oped prior to bid opening. The review and certification
processes established by ER 415-1-11i will serve to docunent both
the construction agent*s and the using agency*s satisfaction with
the systens conm ssioning requirenments devel oped prior to bid
openi ng.

b. The district, inits capacity as construction agent,
shal |l ensure that the construction contractor provides al
necessary | abor, services and materials to performand docunent
the systens comm ssioning requirenents. District Quality
Assurance Progranms shall docunent the procedures to be used to
verify conpliance with these requirenents. During construction,
the Adm nistrative Contracting Oficer (ACO will act as the
chai rperson of the Comm ssioning Team

c. The using agency, in its capacity as user/owner/ operator
and ultimate customer, should make a continuous corporate
commtnment to the systens comm ssioning process. The using
agency*s participation begins early in project devel opnent and
requires continuous representation through the



ER 1110-345-723
31 Jul 95

desi gn/ construction process. Appropriate resources and
representati on nmust be programred and provided as required in the
conmm ssioning process. Wile the Corps of Engineers is
ultimately responsible for a fully functional project, the using
agency shoul d convey their comm ssioning concerns and functional
requi renents clearly and early on a project specific basis, and
participate in wtnessing and determ ning acceptability of

comm ssioning results. The design/construction elenents and the
usi ng agency should work together in developing realistic and
reasonabl e systens comm ssioning requirenents to ensure adequate
and conplete results, and recogni ze the cost and schedul e
consequences associated wth idealistic requirenents.

d. Acceptance of the systens comm ssioning process, and the
conpl eted construction, may require extrapol ati on or
interpretation of systens conmm ssioning results to conditions
ot her than those experienced during actual execution. Normally,
an acceptabl e characteristic will be determ ned as a consensus of
t he comm ssioning team conpri sed of the using agency, design
agent and construction agent. During construction, the ACO may
need to facilitate and nediate to establish a consensus. If
accept abl e performance cannot be achi eved, the necessary
corrective nmeasures should be carried out. The ACOw Il identify
the construction deficiencies and/ or design deficiencies causing
probl ens and pursue a course of corrective action. The desi gner
may be used to assist in diagnosing the cause of problens and
shoul d al ways provi de recommended sol utions to design
deficiencies. The solutions to significant problens should be
approved by the comm ssioning team including the user. |If the
user cannot respond in a tinmely manner, decisions nust be nade
W t hout user input. Needless contract del ays cannot be
tolerated. The ACO nust issue appropriate directions for
corrective nmeasures, through proper contractual channels. In
cases of contractual disputes the appropriate contracting officer
shall determ ne final direction

FOR THE COMVANDER:

(Poasd WA

2 Appendi ces ROBERT H. GRI FFI N
APP A — Q@i delines for the Col onel, Corps of Engi neers
Comm ssi oni ng Process Chief of Staff

APP B —CQutline for the
Preparation of Systens
Comm ssi oni ng Speci fication
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APPENDI X A
GUI DELI NES FOR THE COVM SSI ONI NG PROCESS

1. PURPOSE AND SCOPE
a. Purpose

(1) These guidelines provide procedures and net hods for
docunenting and verifying the performance of systens provided in
Corps of Engi neers construction projects so that systens operate
in conformty with the design intent.

(2) The guidelines are intended to fornul ate procedures for:

(a) The docunentation of occupancy requirenents and design
assunptions for each system and the project as a whol e.

(b) The docunentation of the design intent for use by
contractors, users and OM staff.

(c) Functional performance testing and docunentation
necessary for evaluating both the individual systens and the
interrel ated performance of the project systens for acceptance.

(d) Adjusting the systens to neet actual occupancy needs
within the capability of each individual systemand the
interrel ated performance of all systens.

b. Scope

(1) The guidelines are applicable to all types of systens in
construction projects.

(2) The guidelines establish nethodol ogy for:

(a) Identifying roles of all parties involved in the
conmi ssi oni ng process.

(b) Verifying and docunenting the actual performance of
syst ens.

(3) The guidelines are not normally intended to be used for
t he eval uation of system application or for verification of
energy-efficient operation. Energy efficiency ratings are
produced under controlled | aboratory test conditions and cannot
be duplicated in the field wi thout significant cost.

A-1
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(4) The total conm ssioning process is necessarily
iterative. Deficiencies in one individual system nay inpact the
conmmi ssioni ng of other individual systens as well as the
conmm ssioning of the conplete project. Deficiencies nust be
rapidly resolved by the appropriate parties to permt tinely
conpl etion of the comm ssioning process.

2. UTI LI ZATI ON

a. These guidelines are intended for use by all nenbers of
t he design, construction and operation team-- the user agency
pl anners, mssion and O&M staff; Corps project managenent, design
and construction staff and if applicable, the Architect-Engineer.
Support and information will be necessary fromthe contractor,
suppliers and others as may be applicable to a given project. The
conmi ssi oni ng process extends through all phases of the project,
from aut hori zation through occupancy.

b. The end result should be fully functional and coordi nat ed
proj ect systens.

3. DEFI NI TI ONS

a. Acceptabl e Performance: A conmponent or system being able
to nmeet properly devel oped and specified design paraneters under
actual | oad and/or other properly devel oped sinul ated operating
condi tions. Conm ssioning goes beyond the normal quality
assurance role of ensuring contract conpliance, by identifying
and correcting design and construction defects which are reveal ed
only by the conm ssioni ng procedures.

b. Comm ssioning Plan: The overall docunent, usually
prepared by the designer for the comm ssioning team which
outlines the organization, scheduling, allocation of resources,
docunentation, etc., pertaining to the overall conmm ssioning
process. The comm ssioning plan nmust be included in the contract
docunents to specify the contractor*s performance
responsibilities. This plan shall be included as part of the
Corps overall Project Managenent Plan for executing the specific
proj ect .

c. Conm ssioning Procedures: The overall docunent, usually
prepared by the contractor for the conm ssioning team which
outlines the organization, scheduling, allocation of resources,
i nstrunmentation, operating paraneters, test tap | ocations,
qualifications of testing personnel, performance criteri a,

A-2
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docunentation, etc. required to performthe functional
performance testing in accordance with the comm ssioning plan.

d. Conm ssioning Team The qualified persons that will plan
and carry out the overall comm ssioning process. The teamis
conposed of designers (Corps and/or Architect-Engi neers), users
(facility, tenant, O and the adm nistrative contracting
officer (ACO for the construction contract (representing Corps
construction). The individual participants on the team nay change
as the design and construction process proceeds. Participation by
the user is not mandatory, but the value of this service to the
custoner is directly proportional to their participation. The
teamis supported by the contractor (including appropriate
subcontractors, suppliers and manufacturers). The Corps technical
manager is the facilitator and nediator for the teamduring the
desi gn phases. During design, the Architect-Engineer or in-house
designers will prepare conm ssioning plans for approval of the
team The ACO for the construction contract is the team
facilitator/ medi ator during the construction phase. In this
phase, the contractor will finalize the conm ssioning plans to
make them equi pnent specific and to match as—built conditi ons.
The contractor will also performthe actual conmm ssioning
procedures for approval of the team It is critical that the
numer ous comm ssioning responsibilities of the A-E and contractor
are clearly identified in their respective contracts. |If
necessary, the comm ssioning team should recommend to the
appropriate contracting officer (design or construction) that
contract nodifications be prepared. If the comm ssioning teamis
unabl e to reach consensus on a particular issue, the situation
must be pronptly resolved by the active facilitator/nediator.
Contractual disputes nust receive final resolution by the
appropriate contracting officer.

e. Designer: The Architect-Engineer or Corps in-house design
group responsi ble for the design and preparation of contract
docunents for the construction project.

f. Functional Performance Testing: That full range of
checks and tests carried out to determne if all conponents,
subsystens, systens, and interfaces between systens function in
accordance with the design intent, as identified in the contract
docunents. In this context, “function” includes all nopdes and
sequences of control and operation, all interlocks and
condi tional control responses, and all specified responses to
abnormal energency conditions.
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g. User: The organizational groups that conmbine to provide
facilities, performfacility operation and mai ntenance and
perform actual m ssions at Corps construction project sites. For
Arny construction this includes the major comand, the
installation, the Directorate of Engi neering and Housing and the
Tenant .

4. AUTHORI ZATI ON PHASE: The user should identify conmm ssioni ng
requirenents in the DD 1391 package. Anticipated systenms within
the project should be identified. Conm ssioning nmay be
designated for any or all of these systens. Corps district

of fices may use their vast construction expertise to assist the
user in preparation of the DD 1391. \Wen appropriate for a
project, MSCs shoul d discuss the need for conm ssioning through
the DD 1391 revi ew process. The preparer should identify the
addi tional cost for construction in the DD 1391 docunentati on.
The added contract cost should be reflected in higher per unit
costs for the line itens containing the systens which are to be
conm ssi oned. Separate construction line itenms for conm ssioning
shoul d be avoi ded. As a consequence of the higher contract cost,
additional funds will be available for design and contract

adm nistration. If design costs above the standard | evel are
anticipated, the additional P& costs shall be identified by the
MSC, along with any ot her special design instructions devel oped
during the DD 1391 review process. This will alert Prograns
Managenment Division (CEMP-M at HQUSACE of the need to provide
additional P& funds in the design directive. The district
office shall identify the construction contract cost and tine

i npacts for comm ssioning and incorporate themin the ENG Form
3086 estimate.

5. DES|I GNER SELECTI ON PHASE

a. Corps design staff and the user nust neet to identify the
systens expertise required of the designer, before A-E selection
t akes pl ace.

b. Corps design staff nust identify the requirenents for
systens expertise and conmm ssioni ng experience in the selection
criteria and the Construction Business Daily (CBD) announcenent.
The responsibilities of the designer throughout the conm ssioning
process nust be highlighted.

c. Select a qualified designer.
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6. PRE- DESI GN PHASE

a. Pre-design considerations are as follows. Note that when
a code 1 (pre-design) is not provided, these activities nust be
acconplished in the design phase (code 2):

(1) To set conm ssioning paraneters, responsibilities and
docunentation during all phases; ensure that project team nenbers
are nmade aware of these requirenents; and set a framework for
conmmi ssioning during all phases.

(2) Docunent the base information and design intent from
whi ch to devel op the benchmarks for evaluation of the final
performance includi ng: occupancy requirenents; design
assunptions, building |oads/zoning, and systemutilization; water
and waste water processes; solid waste processing; evaluation
criteria for areas of intersystem operation and cost
consi deration and desi gn conpromn ses.

b. Participants. This phase will involve the user, the
Corps district office project managers, construction personnel
and designers and if applicable, the Architect-Engineer. The
Cor ps project managenent elenent will be involved in the
devel opment of the overall project managenent plan (PMP) which
w Il baseline the scope, schedules, quality, and budgets. This
w Il include docunenting all district commtnents to and fromthe
usi ng agency.

c. Pre-Design Conm ssioning Procedure

(1) Define roles and responsibilities of the design and
construction teamduring all phases of comm ssioning. Assure
t hat each participant has commtted sufficient resources for the
comm ssi oni ng process and that contract tinme and fundi ng
al l ocations are consistent with the conm ssioning intent. The
Corps Project Managenent elenent will be involved in the
devel opment of the overall PMP which will baseline the scope,
schedul e, quality, and budgets, including docunenting al
district commtnents to and fromthe using agency.

(2) Reviewthe facility program The program shoul d incl ude
information regarding facility popul ation, required physical
areas for activities and equi pnent or other special needs,
environnental requirenents of each system and budget constraints
for the proposed facility.
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d. Definition of requirenents. Define the systens
requi renents for each occupancy, activity and/or physical area of
the proposed facility with reference to project criteria and
obj ecti ves.

e. System Desi gn Concepts

(1) Devel op conceptual designs for each systemfulfilling
requirenents of facility objectives. Address areas of
i ntersystem operation and dependency in the concept design.

(2) Define space requirenents for equi pnent.
f. Docunentation

(1) Prepare docunentation of roles and responsibilities of
all parties during all phases of the comm ssioning process.

(2) Prepare witten report defining design assunptions and
performance standards of proposed systens, nobst appropriate
conceptual approach and spatial requirenents of the systens.

7. DESI GN PHASE

a. Introduction. The objective of this phase of
comm ssioning is to outline the scope of design requirements for
each system whose performance is to be verified, with a
conpr ehensi ve conm ssi oni ng process. This phase is perfornmed by
the Architect-Engi neer (or Corps in-house designer) with input
fromthe user and review by Corps engi neering and construction
el ements. The resulting comm ssioning requirenents are to neet
t he user*s satisfaction.

b. Scope of the Design Phase. The desi gn docunents shoul d
i nclude detailed requirements for comm ssioning as foll ows:

(1) Design criteria and assunptions.

(2) Description of each item of equipnent, each system and
subsystem and the intended operation and expected performance at
each level. ldentify all conditions, especially |ocal
condi tions, which affect system perfornmance.

(3) Comm ssioning plan.

(4) Docunentation requirenents.
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(5) Verification procedures. Considerable thought nust be
given to adequacy of verification (testing) procedures and
| ocation of instrunentation to give neaningful results. It may
be appropriate to permanently install sone or all test equi pnent
for future use by the O&M staff.

(6) Comm ssioni ng docunent ati on.
(7) Operation and perfornance.

c. Design Criteria. Design criteria and assunpti ons shoul d
i ncl ude appropriate specific design conditions for each space.
In addition, the follow ng general considerations should be
specifically addressed.

(1) Code and permt requirenents and inpact on criteria.
(2) Noise and vibration criteria.

(3) Fire protection and life safety.

(4) Maintainability.

d. Description of Systens

(1) The description of each systemand its intended
operation and performance shoul d i nclude design intent, system
and intersystem assunptions, and facility occupancy and
utilization.

(2) The description of the system should include basic
systemtype, nmmjor conponents, interrelation of conponents,
capacity and sizing criteria, control systens and sequence of
operation, including intersystemoperations. If the systents
conplexity warrants, diagranms should be included for each node of
operation, indicating specific conponent function and st atus.

(3) The operation and perfornmance data shoul d incl ude
equi pnent sel ection and redundancy or backup criteria, intended
operation under all potential |oad or operational scenarios,
operation of system conponents in |ife safety nodes, energy
conservati on procedures and any ot her engi neered operational nbde
of the system
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e. Conm ssioning Pl ans

(1) The conmm ssioning plan is produced by the designer. It
nmust detail the inplenentation of the conm ssioning process. It
shoul d include the requirenents that each party involved in the
conm ssioning process will have to acconplish, including:
sequence, scheduling, cost estinmate, docunentation requirenents,
verification procedures (including nethods of neasurenent),
staffing requirenents, etc.

(2) The parties involved at various stages of the
comm ssioning process wll include the user, designers,
contractors, comm ssioning team manufacturers, and other parties
as required.

(3) The needed staffing skills and qualifications shall be
specified for the foll ow ng groups:

(a) Comm ssioning team In its capacity as contract quality
control representative, the contractor nust provide quality
control specialists know edgeabl e of the various systens being
comm ssioned. The requirenent for and qualifications of these QC
speci alists nust be included in the contract docunents.

(b) Operation and nmi ntenance teans.
f. Docunentation Requirenents

(1) The docunentation requirenents for each party invol ved
in the conm ssioning process shall be detailed in the contract
docunents, prepared by the designer. This docunentation will be
further detailed and submtted by the contractor for approval
during the construction phase.

(2) The contract docunents shall contain conmm ssioning
process requirenents which include the foll ow ng:

(a) Detailed verification procedures for the tests to be
performed by each party in the comm ssioning process. Detailed
procedures for intersystemtesting to be perforned cooperatively
by multiple parties. At the end of the process, every node of
systens operation, all system equi pnent, conponents and zones and
every itemin the control sequence description should have been
proved operational under all normal operational nodes, including
part and full |oad and under abnormal or energency conditions.
This nust include every individual interlock and conditi onal
control logic. Tenporary upsets of systens, such as distribution
fault, control |oss, setpoint change, equilibriumupset, and
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conponent failure, should be inposed at different operating | oads
to determ ne systemstability and recovery tinme. The procedures
must antici pate scenari os which cannot be performed naturally due
to such factors as |ack of | oad or seasonal conditions. Mthods
of simulation nust be described in great detail. Although not
desirable, it may sonetinmes be necessary and acceptable to

post pone testing, pending the appropriate climtic conditions,
provided all parties understand the contractual inplications.

(b) Detailed checklists for performance testing.

(c) Report fornms that will be used to submt test data and
results.

(d) Calibration data for test equipnent.

(e) Sequence and schedul e of procedures. Requirenents for
i ncorporation of all comm ssioning activities in the contractors
schedul e.

. Commi ssi oni ng docunentation should be prepared and
submtted to the comm ssioning teamat the conpletion of the
comm ssi oni ng process. The contracts for the Architect-Engi neer
and the construction contractor nust contain those docunentation
requi renents to be perforned by each of them This docunentation
shoul d i nclude readi ness, start-up and performance checklists of
the comm ssioning plan with actual results achieved. Itens 1
thru 6 below shall be provided by the construction contractor.
Item 7 shall be provided by the designer

(1) Tests, corrective action and adjusting, retesting.

(2) Operational performance verification tests of al
equi pnent .

(3) Control schematics, performance reports and checklists
for verification of the total system and subsystens.

(4) Operating data to include all necessary instructions to
t he owners mai ntenance and operation staff in order to operate
the systemto specified standards.

(5) Maintenance data to include all necessary information
required to maintain all equipnment in continuous operation.

(6) As-built docunents for the systens to include al
equi pnent, conponents and controls.
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(7) The operation and mai nt enance manual nust address
si mul t aneous operation and mai ntenance of all the buil ding
systens and nust specifically consider all intersystem
rel ati onshi ps and i npacts.

h. Operation and Performance. The schedul es for the
participation of the operations and mai nt enance personnel during
the construction phase and the subsequent phases of the
conmi ssi oni ng process.

8. CONSTRUCTI ON PHASE
a. Introduction

(1) This section describes the comm ssioning process during
the construction phase of the project. 1In this phase, the
systens are installed, tested and put into operation. \Wen
construction is essentially conpleted, the systens are ready for
functional performance testing.

(2) Comm ssioning is an ongoi ng process. It continues
through the installation of the systens. In this phase, the
contractor shall performall tests of the piping, ducts, wring
and ot her subsystens and shall performall start-up, testing,
adjusting and calibration activities, as contractually required.
The comm ssioning team acting through the ACO shall have the
opportunity to witness any or all comm ssioning activities as
part of the contractual quality assurance program Various
menbers of the comm ssioning teamw |l normally have specific
tests which are of particular interest to their group. Sonme
systens may have contractual requirenents for joint wtnessing of
particular activities.

(3) An inportant part of the conm ssioning process is the
training of the operations and mai nt enance personnel. These
peopl e should be available at the site during construction to
observe the installation of the systens and to | earn about their
operation. The comm ssioning team shall assure that the
contractor perfornms this training in accordance with the
construction contract.

b. Procedure. Each system operation description nmust be
updated to incorporate desi gn changes that occur prior to or
during the construction phase. This information then nust be
conbined with the equi pnent mai ntenance data and equi pnent
subm ttals, including performance data, to formone conplete
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operations and mai nt enance manual for training and subsequent use
of the operations and nai ntenance staff.

c. Operation. During critical points of the construction
phase, the facility operations and mai ntenance staff should be
avai lable at the site for the purpose of observing construction,
especially during equipnent installations. This is an
opportunity for the user to gain famliarity with the facility
systens, but is not to delay the construction process.

d. Submttals

(1) Submttals must be reviewed prior to construction, in
accordance with ER 415-1-10, Contractor Subm ttal Procedures.
The construction schedule submttal is of particular inportance.
It nmust provide sufficient tinme near the end of the contract for
the various conm ssioning activities, including adjustnents,
corrective actions and retesting. Shop draw ngs, equi pnent
catal og cuts and details, testing procedures, the comm ssioning
pl an and comm ssi oni ng docunentation fornmat are also critical
submttals.

(a) Equi prent submttals should include conpl ete perfornance
data for each piece of equipnent -- capacity, flow rates,
vel ocity, pressure |osses, horsepower, notor speed (rpm,
el ectrical data, etc. Submittals should al so describe testing
procedures used to verify performance. After review of equi pnent
subm ttals, the equipnment operations and mai ntenance information
(itncluding parts lists, installation instructions and speci al
t ool needs) should be submtted in accordance with specifications
requirenents.

(b) Because of the inportance of the control systens to the
proper operation of systens, control submttals should be
carefully reviewed to ensure they include all information needed
by the operations and nai ntenance staff to keep the control
systens adjusted and calibrated. Information should include the
fol | ow ng.

- Afully | abeled control piping, wiring or fiber optic
schematic, which shows point-to-point piping, wring or cable and
i ncludes all performance paraneters such as setpoints, throttling
ranges, actions, spans, proportional bands and ot her control
conponent adjustnent or setting data. Locations of pneumatic
test ports, electronic systemtermnal strips or fiber optic
term nal s and equi pnent shoul d be indicated on the schematic
dr awi ngs.
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- Fully |l abeled elenentary electrical |adder diagrans.

— Sequence of operation (narrative description of contro
system functions) cross-referenced to the control schematics and
el enentary el ectrical |adder diagrans.

- Specification sheets for each control conponent.

(c) The conm ssioning plan should be prepared follow ng the
format described in the contract specifications. It should
detail how the comm ssioning process will be organized, schedul ed
and docunented to include the follow ng itens.

- The organi zati on of the comm ssioning team (Corps design
and construction personnel; A-E, testing specialists;
contractors, vendors and manufacturers; User*s operations and
mai nt enance staff, etc.)

- Alist of activities required to comm ssion the subsystens
and systenms and the functions of each nenber of the conm ssioning
t eam

- A logical sequence schedule for each conm ssi oni ng
activity coordinated with all nenbers of the conm ssioning team

- Comm ssi oni ng plan docunentation forns for all conponents
and systens submtted.

(2) The procedures for testing should be perfornmed in
accordance with the contract requirenents, as detailed in the
conmmi ssi oni ng pl an.

e. Construction Phase Activities

(1) Quality control conpliance testing, adjusting and
bal anci ng work must be perforned prior to functional performance
testing. Operational tests should al so be conducted on
equi pnent, duct, pipe, conductors and control systens to verify
t hat nechani cal and el ectrical characteristics neet design
requirenents.

(2) Controls testing and calibration should begin before or
concurrent with, and be conpl eted subsequent to, the systens
testing. Testing should include all possible operating
condi tions and ranges of devi ces.
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(3) The comm ssioning team shall have the opportunity to
W tness any or all start-up, testing, balancing and calibration
activities which are perforned as part of the contractual quality
assurance program

f. Documentation

(1) Controls testing should be acconplished on each control
device. Al systeminterlocks, interconnections and safety
devi ces shoul d be checked for proper function.

(2) Al control devices should be adjusted and cali brated.
All control settings should be verified by conparing actual input
and out put values to cal cul at ed val ues.

(3) Al testing, adjusting and bal anci ng work shoul d be
substantially conplete with reports submtted and approved prior
to the verification and acceptance phase.

(4) Training, warranty, special tools and spare parts should
be taken into account under the construction phase.

(5) Contractor and equi pnent warranties shall be verified.

(6) Special tools and spare parts list shall be verified.

9. ACCEPTANCE PROCEDURES

a. Introduction. This section describes acceptance
procedures for the conm ssioni ng process.

b. Pre-requisites to Functional Performance Tests

(1) Prior to functional performance testing of each system
t he comm ssi oning team shoul d observe and verify that the
physi cal installation of conponents and systens being tested is
substantially conpleted and in accordance with the contract
docunent s.

(2) This should include conponent testing, start-up or
activation of equipnent and systens, conpletion of testing,
adj usting and bal ancing and calibration and test of automatic
control s.
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c. Ceneral

(1) The functional performance test checklists contained in
t he approved comm ssioning plan should be used to docunent the
results of the functional performance testing process.

(2) The functional performance testing process shoul d be
acconplished for all equipnent, subsystens, systens and system
interfaces. There may be several simlar pieces of equipnent,
systens, etc., on a project. Al nust be tested for acceptance
and there should be a separate checklist for each to ensure
docunent ation specific to each is conplete.

(3) Functional performance testing should progress from
equi pnent or conponents through subsystens to conpl ete systens.
Functional performance testing will have to consider sequences of
testing, starting with conponents and progressing towards
conplete systens. As a result, the causes of any functi onal
probl ens shoul d be easier to | ocate and correct.

(4) The specific tests, and the nost efficient order of
testing, wll vary wi dely depending on the type of system the
nunber of systens, the sequence of construction, the relationship
bet ween bui l di ng systens and specific tenant work, the degree of
i nteraction between systens, the conplexity of the controls
sequence, the inpact of systemfailures on health or safety and
ot her factors.

d. Equi pnrent and Subsystem Functional Performance Tests.
Operate the equi pmrent and subsystens through all specified nodes
of control and sequences of operation. Include full and part | oad
and energency conditions, as required by the contract
specifications and the conm ssioning pl an.

e. Systens Functional Performance Test. Follow ng the
equi pnent and subsystem functional performance testing, the
overal |l systens nust receive functional performance testing.
Each system nust be operated through all nodes of operation,
safeties, interlocks, |oad conditions and disturbances, in
accordance wth the contract specifications and the conmm ssioning
pl an.

f. Verification and Docunentation
(1) As each individual check or test is acconplished, the
comm ssi oni ng team shoul d observe the physical responses of the

system and conpare themto the specified requirenments to verify
the test results. The actual physical responses of system
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conponents nmust be observed. Reliance on control signals or
other indirect indicators is not adequate. The input and out put
signals for each control conponent also need to be observed to
confirmthey are correct for each physical condition.

(2) Verification of the testing, adjusting and bal anci ng
report should be an integral part of functional performance
testing.

(3) The conm ssioning teamshould record the result of each
i ndi vidual check or test on the pre-approved test and report form
i ncluded in the comm ssioning plan, indicating acceptability or
non-acceptability of the results.

g. Deferred Functional Performance Tests

(1) I'f any check or test cannot be acconplished for seasonal
reasons, |ack of occupancy or for other reasons, this fact should
be noted along with an indication of when the test wll be
schedul ed.

(2) If any check or test cannot be acconplished due to
bui l ding structure or other building system deficiencies outside
the scope of the systens work, these deficiencies should be
resol ved and corrected by the appropriate parties before
conpl etion of the comm ssioning process.

(3) Every check or test for which acceptabl e performance was
not achi eved shoul d be repeated after the necessary corrective
measur es have been conpleted. This retesting process shall be
repeated until acceptable performance is achieved.

h. Corrective Measures. |If acceptabl e performance cannot be
achi eved, then the necessary corrective neasures should be
carried out. Normally, the ACOw II| identify the construction
and/ or design deficiencies causing problens and pursue a course
of corrective action. The designer may be used to assist in
di agnosi ng the cause of problens and shoul d al ways provi de
recomended sol utions to design deficiencies. The solutions to
significant problens should be approved by the comm ssioning
team including the user. If the user cannot respond in a tinely
manner, decisions nust be made wi t hout user input. Needl ess
contract delays shall not be tolerated. The ACO nust issue
appropriate directions for corrective neasures, through proper
contractual channel s.
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i. Intersystem Functional Performance Tests

(1) Wen the functional performance of all individual
systens has been proved, the interface or coordinated interaction
responses between systens shoul d be checked.

(2) The approach to intersystem performance testing should
follow that previously described for systens.

] . Acceptance Docunentation. A copy of the comm ssioning
pl an and functional performance test results should be added to
the previously approved operations and mai nt enance nmanual s. Test
reports should be submtted to the designer for review and
approval .

k. Operator Training

(1) The system operator should be on site periodically
during the construction phase, particularly during startup of
equi pnent, testing, adjusting and bal ancing and during the entire
functional perfornmance testing process.

(2) Operator training should provide a conplete overvi ew of
all equi pnment, conponents and systens with an enphasis on the
follow ng itens:

(a) Docunentation in the final operations and nai ntenance
manual s.

(b) How to use the operations and mai ntenance nmanual s.

(c) System operational procedures for all nodes of
oper ati on.

(d) Acceptable tolerances for system adjustnents in al
oper ati ng nodes.

(e) Procedures for dealing with abnormal conditions and
enmergency situations for which there is a specified system
response.

| . Final Acceptance. When requirenments of the conm ssioning
pl an have been conpleted and satisfactorily docunented and
requi red docunentati on has been conpleted, submtted to the
desi gner and accepted, the conm ssioning team should recomrend
final acceptance of the building systens.
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10. POST- ACCEPTANCE PHASE

a. Introduction. Post acceptance conm ssioning is a
critical step in ensuring the effective, continuous functioning
of a facility*s systens. This phase of comm ssioning is normally
out side the scope of the construction contract and nust therefore
be perfornmed by the facility*s maintenance organi zati on. The
conmi ssioning team nust assure that its user representation is
infornmed of the foll ow ng post-acceptance conm sSi oni ng nmeasures
recommended to nmaintain the proven performance of the facility.

b. Space use and occupancy w ||l change over tine. As use
and function of facilities change, sone systens need to be
adapted to the changing requirenents of occupancy and
utilization. Also, as systens age, their performance my
deteriorate. It is appropriate to maintain a history of the
facility, recording changes and establishing the effect on the
previ ously conm ssioned system Throughout the useful life of
systens, there will be a need for periodic reconm ssioning.

c. Post-Acceptance Conm ssi oni ng Docunent ati on.

(1) “As-built” docunents nust be revised to reflect
nodi fications made to any part of the facility or systens.

(2) Any change in usage, installed equi pnent, |oads or
occupancy nust be carefully nonitored and docunented. Eval uate
t he i nmpact of the changes on the original comm ssioning plan and
docunent these inpacts.

d. Facility Alterations

(1) Notify the facility operator of alterations planned.

(2) Evaluate inpact of planned alterations to building
systens.

(3) Update “as-built” docunentation including comm ssioning
reports, to reflect alterations.

e. Mintenance Program
(1) Regularly maintain and service systens and equi pnent.

Fol | ow mai nt enance manual s and keep accurate records of work
done.

A-17



ER 1110-345-723
31 Jul 95

(2) Retest systemperiodically to neasure the actual
performance. System functional performance test checklists used
in the acceptance phase should be a guide for retesting.

(3) Develop and maintain a standard nmethod of recording
conpl aints received regardi ng systens and operati on.

(4) Discrepanci es between predicted performance and act ual
performance and/ or an analysis of the conplaints received may
indicate a requirenent to recomm ssion the systemor reviewthe
conmi ssi oni ng pl an.
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OUTLINE SPECIFICATION 31 July 1995

SYSTEMSCOMMISSIONING

NOTE: Only systens conmi ssioning activities which occur during project
construction will be defined in the contract specifications. This
specification section nay be inserted into the General Provisions of the
Contract Specifications, or the Technical Provisions as determ ned by the
desi gn engi neer. Other specification sections having activities affecting

systens conmmi ssioning will nake reference to this section, and will direct
that those activities be coordinated to pernit overall systens
conmi ssioning as specified herein. Each project will require adaption of

this specification to neet requirements of design intent, project |ocation
construction met hods, and construction team organi zati on and nmanagenent
structure.

PART 1  GENERAL REQUI REMENTS
1.1 DESCRI PTI ON OF WORK
1.1.1 The “Systeni as referred to in this section of the specifications

shal | include, but not be limted to, the follow ng subsystens and conponents
of subsystens:

1.1.2 The Contractor shall verify operational and functional perfornmance of
the System for conpliance with the “Design Intent” as described (in the
foll owi ng Section(s) of the Contract Specifications:

[and] [below for the foll owi ng subsystens: A
NOTE: The design engineer will include in the specifications a conplete
description of system operation and performance data for infornmationa
purposes only. “Design Intent” information specified herein shall include:

(a) the general philosophy and goals of the total system (b) an

expl anati on of selected conmponents of the overall system and the expected

i nteracti on between conponents and subsystens, (c) data on perfornmance

requi rements of the total system (d) perfornmance requirenents of designated
zones, and (e) an overview of control systems and their integration with

ot her systens.

1.1.3 The Contractor shall document all tests and inspections performed on
the System as part of the comm ssioning process.
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1.1.4 The Contractor shall verify the existence and application of operation
and mai ntenance (O&\M) manual s, as-built or record draw ngs and docunents,
spare parts lists, special tools lists, and other itens as may be specified
herein for support of the System Contractor shall make any and all necessary
corrections to O&M manual s and procedures if errors are discovered during the
conmi ssi oni ng process.

1.1.5 The Contractor shall coordinate and direct training of personnel for
t he operation and mai ntenance of the Systemin accordance with detailed
requirements found in the technical and execution sections of this

speci fication.

1.1.6 The “Systens Commi ssioning Teani as referred to in this section of the
speci fications shall be conposed of the team nembers |isted bel ow. The
Contractor shall be added to the Team after contract award, and shal

desi gnate nenbers fromthe Contractor Goup to participate in the
preconmi ssi oni ng activation inspection and the functional performance testing
specified herein. In addition, the Government will be represented by an

of ficial of the Contracting officer, the Designer or Design Agent
Representative, and the Using Agency. Al conmi ssioning inspections and
testing will be acconplished in the presence of a representative of the
Contracting officer.

NOTE: Where possible, the Designer, or a Design Agent Representative, shal
be included as a nmenber of the Commi ssioning Team The planning and
programm ng of either Title Il services or in-house support will be required
for the participation of the Design Agent Representative. For certain

hi ghly conpl ex systenms, it may be appropriate to include a manufacturer*s
representative as a menber of Contractor G oup on the Conm ssioning Team
Desi gner shall consider the degree to which such participation is required
to assure fulfillment of the full contract requirenents. Due to the added
costs, this option should be only utilized where absolutely necessary to
assure provision of a fully functioning systemin accordance with design

i ntent.
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NOTE: Provision of a fully conm ssioned systemis the responsibility of the
Contractor. Therefore, Contractor G oup menbers of the Systens
Conmi ssi oni ng Team through participation in the planning, nanagenment and
oversight of all construction activities related to equi pnent approval s,
performance testing and comi ssioning of the systens identified herein, nust
be able to assure the Governnent that all systens have been properly tested
and commi ssioned. The Governnent, User, construction and design el enents are
intended to participate fully as an adjunct to the Contractor G oup Team
menbers. It is intended that through this participation, the Contractor

Group Team nenbers will be provided tinely access to all design information
necessary to resolve questions as to intended perfornmance of the systens
specified. In addition, the Government will be sufficiently involved in the

devel opnent of comm ssioning and performance testing prograns to assure
timely review of plans and procedures subnmitted by the Contractor. The
purpose of this will be to provide fully functional systens which interact
to meet all contract perfornmance requirenents. The participation of the
Gover nment Commi ssi oni ng Team nenbers shall not relieve contractor of any
responsibility for conpliance with the requirements of the contract.

The team shall include the foll owi ng nmenbers:

a. Contractor--The Contractor G oup representatives shall include but
not be limted to tyhe foll ow ng individuals:

Chief Quality Control Representative
Mechani cal Representative
El ectri cal Representative
Testing, Adjusting, and Bal anci ng Representative
Instrunentati on and Control s Representative
b. Contracting Oficer Representative

c. Using Agency Representative (Optional)

d. Designer or Design Agent Representative (Optional)

NOTE: The design engineer will |ist special requirenents (if any) for
qualification of the Comm ssioning Team such as previ ous work experience,
licensing, registration, menbership in societies, etc. See Appendix A for
gui dance in sel ecting special requirenents.

1.2 THE COWM SSI ONI NG PROCESS

1.2.1 The Contractor shall review and verify the conm ssioning schedul e and
requirements for the interface between all building and construction trades in
order to prevent delays in the conmi ssioning process. Contractor*s
verification shall be indicated by his signed approval
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NOTE: The extent to which each comm ssioning activity is required on a
particul ar project shall be clearly defined in the Comm ssioning Plan

1.2.2 Commi ssioning Plan. The conmi ssioning plan shall be prepared by the
Contractor. It shall describe how the commi ssioning process will be organized,
schedul ed, and docunented. The plan shall include:

a. The conposition of each Subcontractor*s group representation to the
Conmi ssi oni ng Team

b. Alist of activities required to conmi ssion the systemand its
subsyst ens.

c. A schedule for each activity linked to the master project schedule
to make possible the coordination necessary between trades and trade
di vi si ons.

1.2.3 Precomissioning Meeting. [days] [nonths] prior to start of

t he schedul ed systens activation inspection, the Contractor shall hold a
preconmi ssioning neeting with all Team nenbers in attendance. The purpose of
the neeting is to prepare for the systens activation inspection, and to ensure
that all Team nenbers are ready to begin full-scale comm ssioning. In the
event that the Contractor is unable to hold the precomi ssioning nmeeting, or
conduct the systens activation inspection, at the scheduled tines as shown in
t he Conmi ssioning Plan, the follow ng renedies will apply:

Note: Designer nust ensure that the time provi ded between the

preconmi ssioni ng nmeeting and the systems activation inspection is adequate
to all ow each Commi ssioni ng Team nenber to assenble representatives of their
group and prepare for full-scale comr ssioning. For a conplex project this
may require nmore than 30 days. Therefore, a m ni mum of 30 days will be
specified. Sufficient notification time will be also allowed for the

pr econmi ssi oni ng meeti ng.

1.2.4 Systems Activation. After the physical installation of all systens and
subsystems has been conpl eted, the Contractor shall insure that all building
services, such as electrical power, central steam supply, natural gas, water,
sewer, etc., have been connected and started. The System shall be activated

after the follow ng building services have been connected and started:

The Conmi ssioning Team shall performa system activation inspection to ensure
that the systemis operational and ready for testing and bal anci ng. Al
subsystenms shall have been inspected, started by trained personnel, and tested
by the Contractor to ensure that they function as required, and that al
subsystenms are operational at the time comm ssioning activities begin.

1.2.5 Testing, Balancing and Adjusting. Testing, balancing and adjusting of
the System shall be acconplished by [the Contractor) [ ] in
accordance with Section[s] of the contract
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speci fications. The Testing, Balancing and Adjusting Report shall be subnitted
to the Contracting Oficer, and nenbers of the Comm ssioning Team who have not
received the information.

NOTE: Testing, balancing and adjusting of the System shall be perforned by
a single organizati on approved by the Contractor as having the know edge and
experience to carry out the work. The scope of testing, balancing and
adjusting shall be clearly defined in the contract specifications and on the
drawi ngs, and shall include Ca) details of all systens to be tested and

bal anced, (b) specific performance requirements, and (c) required
document ati on.

Procedures for testing, balancing and adjusting shall be perforned in
accordance with the standards set forth in Sections of the
speci fications.

NOTE: Designer shall include standards such as (a) “HVAC. Testing,

Adj usting & Bal anci ng” published by the Sheet Metal and Air Conditioning
Contractors National Association, Inc., (b) “National Standards” published
by the Associated Air Bal ance Council, (c) “ASHRAE Standards” published by
the American Society of Heating, Refrigeration and Air Conditioning

Engi neers, (d) “National Fire Protection Standards” published by the

Nati onal Fire Protection Association, and (e) “Operation of Miniciple

Wast ewat er Treatnent Plants--MOP 11" published by the Water Environnent
Feder ati on.

1.2.6 System Performance Verification, System performance verification shal
be acconplished in accordance with the System and Subsystem performance check
lists which are included herein. The verification procedure shall include:

a. Testing and verification that all systenms and subsystens performto
the standards in Sections . A report indicating
that testing has been perfornmed and has verified the systemto be in
conformance with the contract shall be nade available to the
Conmi ssi oni ng Team

b. Conpletion of the verified check Ilists signed by the Contractor, and
t he required Comm ssioning Team nmenbers. .

c. Joint investigation and correction of problem conditions where a
system sub-system or equi prent conponent does not achi eve specified
performance standards.

d. Recording seasonal and occupancy conditions in effect at time of the
verification described heretobefore.

1.2.7 Denonstration and Instruction. A systenms denonstration and operating
instructional (D& ) program shall be organi zed and devel oped by the
Contractor, and presented to the Using Agency operating and mai ntenance staff.
The Program shall include, but not be Iimted to, the follow ng:
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a. Detailed schedule of instruction periods for specific sections of
the installation.

b. Introduction to the operating and mai nt enance nmanual s.

The Contractor shall assign each element of instruction to specialist menbers
of the Commi ssioning Team who were involved in the installation and are

famliar with the details of the System being conmni ssioned. The tine required
to provide the denonstration of the Systemand full instruction on operating
and mai ntenance of the installation shall be as follows:

NOTE: The D& programwi ||l be schedul ed over a period of time that will be
conmensurate with the size and conplexity of the project.

1.3 CONDI TI ONS OF WORK

The Contractor shall furnish all |abor, equipnent and materials to acconplish
conpl ete systems commi ssioning as specified in this section of the
speci fications.

NOTE: Design engineer will describe any special requirenents for
conmi ssi oni ng due to unique work conditions, |abor requirenents,
availability of equiprment and materials, project location, etc. See Appendi x
A for guidance on selecting special requirements for work conditions. In
some cases, for exanple where a | ong comm ssioning period is required for a
wast ewater treatnent plant, it may be feasible to utilize existing

i nstal |l ati on manpower under contractor/A-E supervision

1.4 WORK SCHEDULE

NOTE: Design engineer will develop a schedule or “Wrk Plan” for

conmi ssioning to include start-up, testing, and adjustnent of all components
of the System See Appendix A for guidance on devel oping a comm ssioni ng
schedul e.

1.5 COWM SSI ONI NG START- UP AND COVPLETI ON

The Contractor shall conplete interimsystens conm ssioning during the initia
start-up and operations phase, and shall conplete foll owup and final systens
conmi ssi oning during the final construction inspection and acceptance phase.
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NOTE: Designer will estimate the approxi mate dates of comm ssioning and
descri be any special requirenents for the comm ssioning process such as
speci al | oading conditions and seasonal variations in weather or climtic
conditions. These dates may change as the date of contract award approaches.
Note that on larger projects, commissioning will begin only after beneficia
occupancy of the project.

1.6 REFERENCES

NOTE: Designer will list applicable publications with dates to be used in
systens conmmmi ssioning and which will be referenced within this
specification section. An exanple is “ASHRAE CGui deline 1-1989, Cuidelines
for Conm ssioning of HVAC Systens” published by the Anerican Society of
Heating, Refrigeration and Air Conditioning Engineers.

1.7 DOCUMENTATI ON

The Construction Contractor shall provide to each menber of the Systens
Conmi ssi oning Team six (6) copies of the following itens as soon as they
becone avail abl e:

1.7.1 Certified and approved start-up and testing reports for all subsystem
equi prent that conprise the System Conmi ssioning docunentation shall include
control schematics of the total systemand all subsystens.

1.7.2 Records of required inspections for code conmpliance, and docunent at ai on
of approved pernits and licenses to operate conponents of the System

1.7.3 COperating data which shall include all necessary instructions to the
Owner *s operating staff in order to operate the systemto specified
performance standards.

1.7.4 Maintenance data which shall include all necessary information required
to maintain all equipment in continuous operation, such as the testing,
bal anci ng and adjusting report and the as-built draw ngs.

NOTE: The required docunentation for a particular project will be detailed
in this section of the specifications.

1.8 SUBM TTALS

The Contractor shall submit to the Contracting O ficer for approval the
following items prior to starting the comm ssioning process:
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NOTE: Submittals nmust be limted to those necessary for adequate quality
control. The inportance of an itemin the project should be one of the
primary factors in determining if a subnittal for the item should be
required.

1.8.1 Contractor Commi ssioning Representatives. A list of Contractor
representatives on the Comi ssioning Team and their qualifications shall be
submtted at least [ weeks] (rmonths] prior to the start of pre-

conmi ssi oni ng checks. Any proposed revision to this |ist nmust be submitted
prior to the start of the inpacted work.

1.8.2 Commi ssioning Plan

NOTE: Designer will identify all conmponents of the plan for conducting and
conpl eting systens conmm ssi oni ng. See Appendi x A for gui dance in devel opi ng
t he systens conmi ssioning plan

1.8.3 Training Plan

NOTE: Designer will identify all elenments of the plan to train personne
fromthe Using Agency in the operation and nai ntenance of the System See A
for guidance in devel oping the training plan.

1.8.4 Testing Equipnent

NOTE: Designer will identify and specify all testing equi prent, apparatus,
related tools, etc., the systens to be tested with such equi pnment, the
reason the equi pment is required, the source for obtaining the equi pment,
and the price and delivery date of each conponent or elenent. The contractor
will be required to provide all such itens.

1.8.5 Test Procedures. Detail ed procedures for precomm ssioning checks and
functional performance tests shall be submitted at least [ weeks]
(months] prior to the start of preconm ssioning checks.

1.8.6 Test Schedul es. Schedul e for precom ssioning checks and functiona
performance tests shall be submitted at least __ [ weeks] [rmonths] prior to
the start of precomm ssioning checks.

1.8.7 Test Reports. Conpleted preconm ssioning checklists and functiona
performance test checklists shall be organized by system and by subsystem and
submitted together. The results of failed tests shall be included along with a
description of the corrective action taken.

1.9 CONTRACTOR RESPONSI BI LI TI ES
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1.9.1 The Contractor shall deliver a comm ssioned installation to the
Government that neets all performance requirenents in accordance with the
contract docunents.

1.9.2 The Contractor shall provide all necessary access facilities to those
working on the installation of all systens so that the Comm ssioning
requi rements can be fulfilled conpletely.

1.9.3 The Contractor shall consult with subcontractors to ensure that
sufficient time is allowed and fully identified on the Master Schedule for the
proper comm ssioning of all systens.

1.9.4 The Contractor shall plan, organize and inpl enent the comm ssioning
process as identified in the Contract Specifications.

1.9.5 The Contractor shall arrange consultation with the Contracting Oficer
to provide clarification of the design described in the specifications, if the
subcontractor deens such a neeting necessary.

1.9.6 The Contaractor shall assign a Comm ssioning Team conprised of
qual i fied sub-trade specialists who are coordi nated by a conpetent,
experi enced supervisory person.

1.9.7 The Contractor shall supply conmplete instruction and information
relating to the operation and mai ntenance of all equiprment and systens.

1.9.8 The Contractor shall deliver a systemthat perfornms within the ability
of the equi pnent and design specified in the contract.
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NOTE: Design engineer will |ist applicable specification sections that
identify other responsibilities, including various trades involved in the
wor k, during the systems conm ssioning process. The Oamner or Using Agency
will (a) provide an operations and mai ntenance staff that possesses
sufficient skills, education and aptitude to be able to operate and maintain
the installation followi ng an appropriate period of instruction, (b) assign
sel ected staff to observe the installation and conm ssioning prior to fina
denonstrati on and turnover, in order to become fully famliar with the
installation and the design intent of the system Cc) ensure that the Design
Aut hority*s contract includes such services that are defined herein as the
Desi gn Authority*s responsibility, (d) arrange the schedul e of occupancy
such that the commi ssioning process can be carried out w thout undue
interference. The Design Agent or Authority will (a) ensure that the

conmi ssioning process is fully identified and specified in contract
docunents, (b) include in the contract docunents a conplete descripion of
the systens operation and perfornmance and requirenments for conmi ssioning the
system Cc) specify equi prent and appurtenances to neet the design criteria,
(d) verify and certify the performance of systens on conpletion of the
testing, balancing and adjusting process, (e) specify in contract docunments
check lists for performance testing and verification, (f) assign a qualified
person to work with the Contractor and Omer on the entire comm ssioning
process, and Cg) issue a definitive deficiency list at the time of system
activation and on conpletion of the systens performance verification
procedure.

PART 2  PRODUCTS
2.1 TESTI NG AND | NSTRUVENTATI ON

2.1.1 The Contractor shall provide the follow ng testing and instrunmentation
equi prent to be used in the comm ssioning process:

NOTE: Designer will list applicable equipment to be used for testing and
instrumentation during the systenms comm ssioning process, with specia
enphasi s placed on | oad sinmulation

2.1.2 The Contractor shall provide all utilities necessary to carry out
testing and instrunmentation as part of comm ssioning process, including such
expendi ble items as water, fuels, chemicals and other materials. The
Contractor shall also provide any equi prent or device required for access such
as platforns, scaffolds, |adders.

PART 3  EXECUTI ON

3.1 GENERAL
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The Contractor shall coordinate with the Conmi ssioning Teamin the
construction phase of the project to assure conpliance with all systens
conmi ssi oni ng requi renments.

3.2 PROCEDURES

3.2.1 The Contractor shall schedule a pre-construction conference neeting to
establish requirenents for systenms comm ssioning throughout the construction
phase.

3.2.2 The Contractor shall submt to the Contracting Oficer 30 days after
contract award the conpl ete conm ssioning plan which shall include:

3.2.2.1 Responsibilities of each trade affected by the comm ssi oni ng process.

3.2.2.2 Requirements for docunentation as listed [in this Section] [and] [in
Section(s) ] of the Contract Specifications.

3.2.2.3 Requirenments for docunentation of commi ssioning tests and inspections
requi red by code authorities and governi ng agencies.

3.2.2.4 Requirenments for the comm ssioning programduring specific
operational seasons with partial and full |oads as specified [in this Section]
[and] [in Section(s) ] of the Contract Specifications.

3.2.2.5 Requirenments and format for a training programfor operations and
mai nt enance personnel

3.3 | NSPECTI ON AND TESTI NG

The Contractor shall designate Comm ssioni ong Team nenbers to participate in

t he pre-conm ssioning inspection and the functional performance testing
specified herein. In addition, the Government shall be represented by an
official of the Contracting officer. Each checklist itemshall be conpleted by
t he Conmi ssioning Team Acceptance by each Conm ssioning Team menber of each
pre-conm ssi oni ng checklist itemshall be indicated by signature and date

unl ess participation by that individual is not required. Acceptance by each
Conmi ssi oni ng Team nmenber of each functional performance test checklist shal
be indicated by signature and date.

3.3.1 TESTS
The pre-comm ssi oni ng checks, inspections, startup and perfornmance testing
shal | be acconplished in detail as specificied in other parts of these

speci fications, or as recommended by the manufacturer, or as required by a
referenced code or standard.
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NOTE: Where checking, testing, and inspection methods are not specified in
ot her Sections, nmethods shall be established and provided in this Section
which will provide the information required. Testing and verification
requirenments in related Sections are i ndependent of the requirements of this
Section, and shall not be used to satisfy any of the requirements specified
in this Section.

Al testing and verification required in this Section shall be perforned
during the Comm ssioning phase. The Contractor shall provide all materials,
services, and | abor required to performthe pre-comi ssioning checks and
functional performance tests.

3.3.1.1 Pre-Comm ssi oni ng Checks

Pre—eonmi ssi oni ng checks shall be performed for the itens indicated on the
checklists in Section(s) . Any

defici enci es di scovered during these checks shall be corrected and retested in
accordance with the applicable contract requirenents.

3.3.1.2 Functional Performance Tests

Functional performance tests shall be perforned for the itens indicated on the
checklists in Section(s) . Functiona
performance tests shall begin only after all pre-comi ssioning checks have
been successfully conpleted. Tests shall prove that all nodes and sequences of
operation are correct, and shall verify all other rel evant contract
requirements. By verify it is nmeant that contract requirenents are satisfied
by testing results. Testing shall begin with equi prent or conponents and shal
progress through subsystems to conplete systenms. Upon failure of a functiona
performance test checklist item the Contractor shall correct all deficiencies
in accordance with the applicable contract requirenents. Testing of the
checklist shall then be repeated until it has been conpleted without errors.

END OF SPECIFICATION
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